Introduction
have reported an observed correlation between the time profiles and flux densities of impulsive hard X-ray and microwave solar bursts. We report here on a significant correlation between the flux density of extended bursts of hard X-rays and micowaves. These extended events follow after impulsive bursts and last much longer (see e.g. Fig. 1 , Frost and Dennis 1971) . However, as extended bursts only occur during very large flares the number of cases available for study is small. The significance of our observations follows from the suggestion of Wild et al. (1963) that the extended bursts are evidence for a second-phase acceleration process in the corona. We show that the observed characteristics of these extended microwave bursts (viz. a rather flat spectrum below a turnover frequency which is > z UJ Q X a. Table 1 . Full lines show the least-mean-square fit (logarithmic) to the 9.4 GHz and long dashed lines to the 3.75 GHz data.
Observations
We have data for nine extended X-ray and microwave events listed in Table 1 . Figure 1 shows that a good correlation (correlation coefficient r 2 » 0.8) exists between the 100 keV Xray and 3.75 or 9.4 GHz microwave flux densities near the time of X-ray maximum. Figure 2 shows the spectra for the nine bursts. The spectra have two important properties. Firstly, below the turnover frequency/*, the spectrum is much flatter, (S <x f on the average) than that of impulsive bursts (S a /») (Crannell et al. 1978) . Secondly, although the flux density varies by over three orders of magnitude (Fig. 1) , the turnover frequency remains of the same order. Eight of the nine events (Fig. 2 ) have/*, > 10 GHz and four of these have /*, < 20 GHz. The remaining event (No. 5 of Table 1 and Figs 1 and 2) with f M * 1 GHz can be explained by occultation effects (see later discussion).
Interpretation
We take the view that the observed correlation between 100 keV hard X-ray and microwave flux densities means that both the X-ray and microwave emission come from the same population of energetic electrons in the corona. Microwave bursts are emitted from electrons trapped in magnetic fields in the low corona. The corresponding plasma densities at these heights (n. < 10 10 cm" 3 ) are too low for thick-target X-ray bremsstrahlung; rather they imply thin-target bremsstrahlung (Hudson 1972) . Ramaty and Petrosian (1972) have suggested that flat microwave spectra might be due to free-free absorption of gyrosynchrotron emission by thermal electrons. However, this
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mechanism would require n. > 10'° cm -3
, T < 10 6 K and B < 100 G to explain the observations. These values are unrealistic; at the source heights of microwave bursts (<0.2 RQ -see fenome and Tanaka 1979) more likely values are 10» < n. < 10 10 cm" 3 , T > 10 6 K and 10 G < B < 3000 G. Takakura (1972) has suggested that flat-spectrum microwave bursts are produced when there is a non-uniform magnetic field distribution within the source region. In particular, Takakura has shown that a dipolar magnetic field will produce gyrosynchrotron emission with a spectrum much flatter than that of a self-absorbed uniform source (for which S oc f 1 5 ) . This flattening arises principally from the fact that the critical source height (at which the optical depth T is 1) increases with decreasing frequency. Since the source size in a dipole field also increases with decreasing frequency the spectrum becomes flatter than S <x f •».
In Paper B we extend Takakura's (1972) arguments to show that for a uniform density of radiating particles in a dipolar magnetic field, with B « (\/R) 3 (where R is the distance from the dipole), the absorption coefficient for gyrosynchrotron radiation K varies approximately as (1//?)". We find that the emission comes from very thin shells which occur at increasing heights for decreasing frequencies. With this model we can explain both the flatness of the observed spectrum and the constancy of the turnover frequency with changes in flux density, provided the maximum magnetic field in the source varies little from source to source. Moreover, with this model similar numbers of energetic electrons are needed to explain the observed intensities of both the hard X-ray and the microwave bursts. This tends to confirm our original hypothesis that the X-ray and microwave emissions during extended solar bursts emanate from the same population of energetic electrons situated low in the corona.
Summary of our Model Calculations
We find that the observed microwave flux density S and the turnover frequency / " (frequency of maximum emission) are given by:
where B" is the minimum magnetic induction at the edge of the source; B" is the maximum value at the centre of the dipole; R s is the distance from the centre of the dipole to the edge of the source; and n r is the density of radiating electrons. From these equations we see that (1) for a given source model (specified by B m , n r and R s ) we have S oc />•", which is close to the observed value S <x f° (on the average); (2) the turnover frequency/" oc B M°" depends mainly on the maximum magnetic induction in the source. For our observations (apart from event 5 of Fig. 1) , which show only a limited variation of f M from event to event, we require B M to be -600-1500 G. (3) We find that the ratio of X-ray to microwave flux density is S x /S" a n,°* R?°-* B?" ft?
53 (see Paper B, eq. (9)). Hence, apart from a weak dependence on n" R s , B m and B M , the X-ray and /t-wave flux densities are proportional, in agreement with the result of Figure 1 .
The model described above accounts well for the observations in Figures 1 and 2 . However, it remains to be shown quantitatively that the same population of electrons can produce both the X-ray and microwave emission. To this end a detailed calculation was performed on one model to determine the number of electrons needed to explain the observed microwave flux density. In this calculation the more precise expressions for the absorption and emission coefficients derived by Ramaty (1969) were used for numerical evaluations of these coefficients, and hence of the emitted flux density. For the event of 1966 July 7 (see Table I ) the microwave flux density was 1.2 x 10" 18 W m " 2 Hz M at 9.4 GHz. If we put R s = 0.1 R Q , B m = 2 G and B M = 1000 G we find that the spectrum peaks at ~ 10 GHz and the observed flux density requires 3 x 10 36 electrons with energies > 100 keV and a differential energy spectral index of -4. This is in good agreement with the X-ray electron population required by Holt and Ramaty (1969) , who derive an emission measure ~ 1 x 10 4 ' cm" 3 for the 100 keV X-ray burst. Hence for a plasma with average density n. « 3.3 x 10' cm" 3 we need ~3 x 10 36 electrons with energies > 100 keV to explain the Xray burst.
Finally, with our thin-shell model we can explain the low turnover frequency of event 5 of Figure 1 by noting that the associated flare was about 25° behind the limb of the Sun. Hence at the occultation height -0.1 R Q above the photosphere the value of B M was such that/ M was ~ 1 GHz. In our model this gives B" * 25 G.
Introduction
In a previous paper of this issue (Stewart and Nelson 1979 -Paper A) we showed that for extended bursts a good correlation exists between the observed 100 keV X-ray slux density and the 3.75 or 9.4 GHz microwave flux density. We also showed that the microwave spectrum of these bursts was much flatter (S <x f 10 on the average) than the optically thick (self-absorbed) spectrum observed for impulsive microwave bursts (Crannell et al. 1978; Dulk et al. 1978) . Furthermore, the microwave turnover frequency was > 10 GHz in eight of the nine events studied and <20 GHz in four of these cases. The remaining event, which was severely occulted by the solar limb, had a turnover frequency of ~ 1 GHz.
We propose a source model for the extended bursts in which the microwave emission comes from thin shells at increasing heights for decreasing frequencies. This model with reasonable parameter values gives the observed microwave spectral characteristics and also explains why the X-ray and microwave flux densities are so well correlated.
Model
A source model is proposed and two applications of this model are presented: first, an approximate analytic treatment is used to identify the way in which various model parameters affect the observed microwave spectrum; second, a numerical calculation is then used for one set of model parameters to demonstrate quantitatively that the same population of electrons can account for both the X-ray and microwave observations.
The source model which we chose is somewhat similar to that of Takakura (1972) . It consists of a hemisphere of radius R s containing a uniform density n, of radiating (gyrosynchrotron) electrons in a dipole magnetic field given by B = B m {Rs/Rf (1 + 3 cos 2 <t>) Vl ,
where B m is the minimum field at the edge of the source, R is
